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TIRE/WHEEL ASSEMBLY 

TECHNICAL FIELD 

[ 0001 ] The present invention relates to a tire/wheel assembly, 
and, more particularly, to a tire/wheel assembly which can 
improve durability thereof. 
TECHNICAL BACKGROUND 

[0002] In response to demands in the market, there have been 
proposed many technologies which allow a vehicle to urgently 
travel several hundred kilometers even when a pneumatic tire 
is punctured while running. Among these many proposals, those 
disclosed in Japanese Patent Laid-Open Publication No. 10-297226 
and Published Japanese Translation of a PCT Application No. 
2001-519279 have enabled run-flat traveling by supporting a 
punctured tire by a support member which is fitted onto a rim 
in a hollow space of the pneumatic tire assembled to the rim. 
[ 0003 ] The above run-flat support member comprises an emnular 
shell having an support surface formed radially outward in the 
form of a convexly curved surface and two leg portions located 
radialy inward , and elastic rings attached to the two leg portions , 
and is supported on the rim via the elastic rings. The run-flat 
support member allows existing wheels emd rims to be used without 
any specif ic modification, and, therefore, can be advantageously 
adopted without causing confusions in the market. 
[0004] There are also known tire/wheel assemblies that allow 
run- flat traveling by supporting the inner surface of a punctured 
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tire by the radially outer support surface of an annular run- flat 
insert member, formed from a rigid material such as metal or 
resin in such a shape as a "T" or "I" shape, which is fitted 
onto a rim in a hollow space of the pneumatic tire assembled 
to the rim. 

[0005] However, when a run-fat traveling distance up to the 
destruction of a tire is examined on tire/wheel assemblies to 
which the above-mentioned run-flat support member or run-flat 
insert member is attached using pneumatic tires with different 
tread patterns, the run-flat traveling distance varies 
significantly according to the tread patterns. In particular, 
when pnexamatic tires having circumferential grooves extending 
in a tread surface in a circumferential direction, of the tire 
are used for tire/wheel assemblies, the run-flat traveling 
distance tends to be shorter, and there is a problem that 
durability thereof is lowered. 
DISCLOSURE OF THE INVENTION 

[0006] An object of the present invention is to provide a 
tire /wheel assembly in which when a pneumatic tire having a 
circumferential groove extending in a tread surface in a 
circumferential direction of the tire is used, durability can 
be improved. 

[0007] In order to achieve the above object, a tire/wheel 
assembly according to the present invention comprises a wheel 
having a rim, a pnexomatic tire fitted to the rim of the wheel 
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and a run-flat support member, the pneumatic tire having a tread 
surface and a hollow space, the tread surface having a 
circumferential groove extending in a circumferential direction 
of the tire, the run-flat support member being disposed in the 
hollow space of the pneumatic tire and having an annular shell 
and elastic rings , the annular shell comprising a support surface 
formed radially outward having a convexly curved surface portion 
with an annular apical line or face and two leg portions formed 
radially inward, the elastic rings supporting the two leg 
portions on the rim, wherein the apical line or apical face of 
the convexly curved surface portion is offset in a direction 
of a center axis of rotation of the wheel so as not to be located 
in a position corresponding to the circumferential groove when 
viewed from a radial direction of the wheel. 

[0008] Another tire/wheel assembly according to the present 
invention comprises a wheel having a rim, a pneumatic tire fitted 
to the rim of the wheel and a run-flat insert member, the pneumatic 
tire having a tread surface and a hollow space, the tread surface 
having a circumferential groove extending in a circumferential 
direction of the tire, the run- flat insert member being disposed 
in the hollow space of the pneumatic tire and having an annular 
support surface with two edges disposed radially outward for 
supporting an inner surface of the pneumatic tire during run -flat 
traveling, wherein the two edges of the annular support surface 
are offset in a direction of a center cixis of rotation of the 
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wheel so as not to be located In a position corresponding to 
the circumferential groove when viewed from a radial direction 
of the wheel. 

[0009] According to the present Invention mentioned above, 
during run-flat traveling, the run-flat support member supports 
the Inner surface of the pneumatic tire with the apical line 
or apical face of the convexly curved surface portion of the 
support surface thereof being not engaged with a thin portion 
of the tread portion In which a circumferential groove exists, 
but being engaged with a thick portion thereof, or the run-flat 
Insert member supports the Inner surface of the pneumatic tire 
with the two edges of the support surface thereof being not engaged 
with a thin portion of the tread portion in which a circumferential 
groove exists, but being engaged with a thick portion thereof, 
thereby allowing durability to be improved because of suppressing 
the occurrence of the destruction at the circumferential groove . 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a cross -sectional view showing a main part 
of an embodiment of a tire/wheel assembly according to the present 
invention. 

[0011] FIG. 2 is an enlarged cross -sectional view showing a 
main part of another run -flat support member used for a tire /wheel 
assembly according to the present invention. 
[0012] FIG. 3 is a cross -sectional view showing a main part 
of an alternative embodiment of a tire/wheel assembly according 



4 



to the present invention. 

[0013] FIG. 4 is a cross -sectional view showing a main part 
of another alternative embodiment of a tire/wheel assembly 
according to the present invention. 

[ 0014 1 FIG . 5 is an explanatory view showing an another example 
of a circumferential groove of a pneumatic tire used for a 
tire/wheel assembly according to the present invention. 
BEST MODES FOR CARRYING OUT THE INVENTION 

[0015] The embodiments of the present invention will be 
described in detail below with reference to the drawings. 
[0016] Fig. 1 is a cross -sectional view illustrating a main 
part of an embodiment of a tire/wheel assembly according to the 
present invention, in which reference numeral 1 denotes a rim 
in the outer periphery of a wheel, reference numeral 2 denotes 
a pneumatic tire, and reference numeral 3 denotes a run-flat 
support member. 

[0017] The pneumatic tire 2 includes a tread surface 2A having 
a plurality of circumferential grooves 2B extending straight 
along a circumferential direction of the tire, which define ribs 
2R therebetween . The rim 1 , pneumonic tire 2 , and run -flat support 
member 3 are formed in an annulsu: shape coeucially about a center 
axis of rotation of the wheel (not shown) , and the run -flat support 
member 3 is placed in a hollow space 2Y of the pneumatic tire 
2 mounted on the rim 1. 

[ 0018 ] The run- flat support member 3 comprises an annular shell 
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4 formed from an annulus of a rigid material such as metal or 
resin in order to support the weight of a vehicle via a punctured 
tire, and right and left elastic rings 5 formed of an elastic 
material such as rubber or elastic resin in order to stably support 
the annular shell 4 with respect to the rim 1. 
[0019] The metal used for the annular shell 4 may include, 
for example, steel, aluminum and the like . The resin may be either 
of thermoplastic resin or thermosetting resin . The thermoplastic 
resin may include nylon, polyester and the like, and the 
thermosetting resin may be epoxy resin, unsaturated polyester 
resin, etc. The resin may be used alone or may be employed as 
fiber-reinforced resin blended with reinforcing fibers. 
[0020] The elastic rings 5 may be formed of any kind of rubber 
or resin as long as the annular shell 4 can be stably supported. 
The rubber may include, for example, natural rubber, isoprene 
rubber, styrene- butadiene rubber, butadiene rubber, butyl 
rubber, etc. The elastic resin may be foamed resin such as f ocuned 
polyur ethane . 

[0021] The annular shell 4 is formed so that it has an outer 
diameter smaller than the inner diameter of an inner surface 
2a of the pneumatic tire 2 in order to maintain a constant distance 
therebetween, and includes an annular support surface 6 having 
two convexly curved surface portions 6a, each being radially 
outwardly convex in shape when viewed in the cross section 
orthogonal to the tire circumferential direction. The convexly 
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curved surface portions 6a have a predetermined curvature radius 
and are arranged along a width direction of the shell . The support 
surface 6 is spaced apart from the inner surface 2a of the pneumatic 
tire 2 when the pneumatic tire 2 is under a normal condition, 
and when the pneumatic tire 2 is punctured, the support surface 
6 supports the inner surface 2a of the flattened tire. 
[0022] The annular shell 4 has two side walls radially inward 
which are formed as leg portions 7, and each elastic ring 5 is 
attached to the radially inner side of each leg portion. The 
elastic rings 5 are fittingly engaged with right and left rim 
seats Is to support the annular shell 4, thereby not only 
mitigating vibrations of and impacts upon the annular shell 4 
from a punctured tire, but also preventing slipping relative 
to the rim seats Is . The elastic rings stably support the annular 
shell 4 . The elastic rings 5 are formed so that the inner diameter 
thereof is in the approximately same size as the inner diameter 
of the beads of the pneumatic tire 2. 

[0023] The above-mentioned convexly curved surface portions 
6a each have an apical line x which connects apexes thereof, 
the apical line x being located between the circumferential 
grooves 2B and being offset towards a direction of the wheel 
rotation center axis (the left or right direction in the drawing) 
so that the apical line x is not identical to the circumferential 
groove 2B when viewed from the radial direction of the wheel. 
[0024] The run-flat support member 3, when assembled to a rim. 
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is inserted into the interior of the pneumatic tire 2, and the 
elastic rings 5 are fitted to the rim seats Is of the rim 1 together 
with the beads 2 of the pneumatic tire 2 simultaneously. 
[0025] In tire/wheel assemblies which employed a pneumatic 
tire having a tread surface with circumferential grooves 
extending along a circumferential direction of the tire, the 
inventors made an observation of pneumatic tires which busted 
up during run -flat traveling, resulting in that the destruction 
of each tire occurred along the circumferential grooves, which 
made the run-flat traveling impossible. 

[0026] When the relation between the circumferential grooves 
and each run- flat support member was studied, it was realized 
that, in the case where, when viewed in the radial direction 
of the wheel, the apical line of the convexly curved surface 
portion which supported the tire was identical to a 
circumferential groove where the thickness of the tread was the 
thinnest, tire destruction occurred earlier and the run-flat 
traveling distance was shorter because the run -flat support 
member supported the tire at the thinnest portion of the tread. 
[0027] The present invention is based on the discovery of this 
fact, and the apical lines x of the convexly curved surface 
portions 6a are offset in a direction of the wheel rotation center 
axis so that the apical lines x of the convexly curved surface 
portions 6a are not identical to the circumferential grooves 
2B when viewed from the radial direction of the wheel . This allows 
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the apical lines x of the convexly curved surface portions 6a 
to engage with the portions (thick portions) of ribs 2R of the 
tread 2D and the run -flat support member 3 to support the inner 
surface 2a of the pneumatic tire 2 at the thick portions of the 
tread 2D during run-flat traveling, thereby suppressing the 
destruction at the circumferential grooves 2B. Therefore, 
durability can be improved. 

[0028] It is preferable in view of more effective improvement 
of durability that the apical line x of each convexly curved 
surface portion 6a be positioned so as to be spaced away one 
forth or more of a wheel rotation axis direction length L (rib 
width) between the opening ends 2B1 of circumferential grooves 
2B from each opening end 231 thereof. It is more preferable that 
the apical line x of each convexly curved surface portion 6a 
be located substantially in the center between the opening ends 
2B1 (the center of the rib 2R) - 

[0029] The position of the apical line x is determined in the 
state of the tire being filled with air before punctured, since 
the tire reduces its diameter almost without changing the 
position of the circumferential grooves 2B in the direction of 
the wheel rotation center axis when the tire is in the run -flat 
traveling state after punctured and deflated. The position of 
the apical line x, however, may be determined, based on the tire 
in the run-flat traveling condition. 

[0030] The support surface 6 of the run-flat support member 
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3 may be one having convexly curved surface portions 6a with 
an annular apical face y which is flat in cross section, as shown 
in FIG. 2, instead of the convexly curved surface portions 6a 
with the apical line x as described above. In this case, the 
apical face y is arranged not to overlap relative to the 
circumferential groove 2B as mentioned above. Preferably, the 
apical face y may be spaced away from the circumferential groove 
2B as described above. 

[0031] Exemplified is the run-flat support member 3 having 
the annular shell 4 with the support surface 6 which comprises 
two convexly curved surface portions 6a. The number of the 
convexly curved surface portions is, however, not limited to 
two, but may be one or three or more. In this case also, the 
apical line x or apical face y of each convexly curved surface 
potion 6a is arremged to be offset relative to the circumferential 
groove 2B, thereby allowing durability to be improved. 
[0032] Two or more convexly curved surface portions are 
preferably arranged. By forming the support surface 6 in this 
way so as to arrange two or more convexly curved surface portions 
6a, the contact points of the support surface with the tire inner 
surface 2a are dispersed in two or more, and localized wear on 
the tire inner surface 2a is reduced, thereby malcing it possible 
to extend a distance that a vehicle can endure run-flat traveling . 
[0033] FIG. 3 shows an alternative embodiment of a tire/wheel 
assembly according to the present invention, in which a run-flat 
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insert member 13 is employed in the alternative of the 
above-mentioned run-flat support member 3. 

[ 0034 ] The run-flat insert member 13 comprises an annulus which 
is I -shaped in cross section, having a cylindrical base portion 
14 , a ring portion 15 annular ly protruding on the radially outer 
surface 14a of the base portion 14, and a support portion 16 
annular ly disposed on the outer circumference of the ring portion 
15; the base portion 14, ring portion 15 and support portion 
16 are formed as a unitary structure from a rigid material such 
as metal or resin. 

[0035] The metal used for the run-flat insert member 13 may 
include, for example, steel, aluminum and the like. The resin 
may be either of thermoplastic resin or thermosetting resin. 
The thermoplastic resin may include nylon, polyester and the 
like , and the thermosetting resin may be epoxy resin , unsaturated 
polyester resin, etc. The resin may be used alone, or may be 
employed as fiber-reinforced resin blended with reinforcing 
fibers. 

[0036] The radially outer surface of the support portion 16 
is formed as a support surface 16a for supporting the inner surface 
2a of the pnetmiatic tire 2 during run-flat traveling. The annular 
support surface 16a has the substantially same shape as the inner 
surface 2a of the pneumatic tire 2 which is supported during 
ran-flat traveling. 

[ 0037 ] The support surface 16a has two edges e which are offset 
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toward a direction of the wheel rotation center axis so that 
each edge e is not identical to the circiamf erential groove 2B 
when viewed from the radial direction of the wheel. The run-flat 
insert member 13 is secured to the rim 1 through an insert member 
supporting element 17. 

[0038] The tire/wheel assembly using the run-flat insert 
member 13 as mentioned above can also improve durability , because 
the both edges e of the support surface 16a are in engagement 
with the portions (thick portions) of ribs 2R of the tread 2D 
during run-flat traveling and the destruction at the 
circumferential grooves 2B are suppressed. 

[0039] FIG. 4 shows another alternative embodiment of a 
tire/wheel assembly according to the present invention^ which 
has the same structure as the above-mentioned tire/wheel assembly 
in FIG. 3 except that the run-flat insert member has two support 
portions 16 for supporting the inner surface 2a of the pneumatic 
tire 2 during ran- flat traveling^ each support portion 16 being 
disposed via a ring portion 15 on each side of the radially outer 
surface of the base portion 14. The run-flat insert member also 
has left and right elastic rings 20 , which are formed of an elastic 
material such as rubber or elastic resin, protruding from the 
inner circumference of the base portion 14, the elastic rings 
20 being fittingly attached to the rim 1 as insert member 
supporting elements. Each edge e of the support surfaces 16a 
is offset as described above , also when the run-flat insert member 
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13 having a plurality of such support portions 16 is employed, 
thus allowing the same effect to be obtained. 
[0040] The foregoing run-flat insert member 13 is not limited 
to those which are fixedly attached to the rim 1 through the 
insert member supporting element 17 or the elastic rings 20. 
but is one which is directly fixedly attached to the rim 1 
therewithout . or one which is mounted on a slide base attached 
to the rim 1 ; the run-flat insert member 13 may be any of run-flat 
insert members which include an annular support surface 16a with 
edges e on both sides thereof disposed radially outward for 
supporting the inner surface 2a of the pneiamatic tire 2. 
[0041] It is preferable in view of more effective improvement 
of durability that each edge e of the support surface 16a of 
the run- flat insert member 13 between the circumferential grooves 
2B be positioned so as to be spaced away one forth or more of 
the wheel rotation axis direction length L between the opening 
ends 2B1 of circumferential grooves 2B from each opening end 
231 thereof, as described above. It is more preferable that each 
edge e be located substantially in the center between the opening 
ends 2B1. 

[0042] Each edge e of the support surfaces 16a positioned 
tire -outwardly of both outermost circumferential grooves 2B as 
shown in FIG. 4 may be located so as to be spaced apart one forth 
or more of a wheel rotation axis direction length M between the 
tire-outer opening end 2B1 of the outermost circumferential 
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groove 2B and the contact end Q of the tread surface 2A from 
the opening end 2B1 towards the tire outer side. Preferably, 
each edge e may be positioned substantially in the center between 
the tire-outer opening end 2B1 of the outermost circumferential 
groove 23 and the contact end Q of the tread surface 2A. 
[ 0043 ] Note that the contact end Q referred herein is the contact 
end of the tread surface 2 A in which the tire /wheel assembly 
has an air pressure of 200kPa and load of 80% of the maximum 
load ability described in JATMA ( JATMA YEAR BOOK 2001 ) is applied 
thereto . 

[0044] The position of each edge e is determined, as described 
above, in the state of the tire being filled with air before 
punctured, since the tire reduces its diameter almost without 
changing the position of the circumferential grooves 2B relative 
to the direction of the wheel rotation center axis when the tire 
is in the run-flat traveling state after punctured and deflated. 
The position of each edge e, however, may be determined, based 
on the tire in the run-flat traveling condition. 
[0045] In the embodiments illustrated above, the 

circxamferential grooves 2B, which are straight in shape, are 
exemplified, but as shown in FIG. 5, the circximf erential grooves 
2B may be zigzag grooves. In such a case also, the apical line 
X or apical face y of the support surface 6a and each edge e 
of the support surface 16a may be positioned so as to be spaced 
away from each opening end 2B1 one forth or more of the wheel 
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rotation axis direction length L, M as discussed above. When 
the circumferential grooves 2B are zigzag in shape like this, 
the position of each opening end 2B1 is defined to be the center 
position A of the zigzag width of the opening end 2B1 extending 
in a zigzag path. 

[0046] In the above-mentioned embodiments, exemplified are 
the pneumatic tires 2 which include a tread surface 2A having 
ribs 2R defined by the circumferential grooves 23, but the 
pneumatic tire 2 may be one that has a block pattern with blocks 
defined by circumferential grooves and lateral grooves; in this 
case also, the same effect can be obtained by using the foregoing 
run-flat support members 3 or run-flat insert members 13. 
Example 1 

[00471 Prepared were tire/wheel assemblies of the present 
invention (example A) and the comparison (comparative example 
A) , having the same tire size of 205/55R16 and the same rim size 
of 16 X 6 1/2 JJ, the tire/wheel assembly of the present invention 
having a construction in which a run- flat support member is 
arranged such that the apical line of each convexly curved surface 
portion thereof is positioned approximately in the center between 
the circumferential grooves, as shown in FIG. 1, and the 
comparative tire/wheel assembly having the same construction 
as the tire/wheel assemblies of the present invention except 
that the apical line of each convexly curved surface portion 
is located in a position corresponding to the circumferential 
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groove . 

[ 0048 1 An evaluation test for durability was conducted on each 
of the test tire/wheel assemblies In accordance with the 
following measurement method. The results shown in Table 1 were 
obtained . 

Durability 

[0049] Each of the test tire/wheel assemblies having an air 
pressure of 0 kPa was fitted as a front right wheel of a 
front -wheel -drive vehicle with a displacement of 2 . 5 liters and 
the vehicle was driven at 90 Km/h in a test course. A distance 
until the vehicle could no longer run was measured. The results 
of the measurement were evaluated by an index number, with the 
index number of the comparative tire/wheel assembly being 100 . 
The greater the index number is, the better the durability. 
[0050] The same sized tires and rims as described above were 
used for wheels of the vehicle other than the front right wheel , 
with the tires having an air pressure of 200kPa. 



Table 1 





Example A 


Comparative 
Example A 


Durability 


185 


100 



[0051] As can be seen from Table 1, the tire/wheel assembly 
of the present invention is capable of improving durability. 
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Example 2 

[0052] Prepared were tire/wheel assemblies of the present 
invention (example B) and the comparison (comparative example 
B) , having the same tire size and the same rim size as in Example 
1, the tire/wheel assembly of the present invention having a 
construction in which a run- flat insert member is arranged such 
that each edge of the support surface thereof is positioned 
approximately in the center between the circumferential grooves , 
as shown in FIG . 3 , and the comparative tire/wheel assembly having 
the same construction as the tire/wheel assembly of the present 
invention except that each edge of the support surface is located 
in a position corresponding to the circumferential groove. 
[ 0053 1 An evaluation test for durability was conducted on each 
of the test tire/wheel assemblies in accordance with the 
measurement method shown in Example 1 . The results shown in Table 
2 were obtained. 



Table 2 





Example B 


Comparative 
Example B 


Durability 


175 


100 



[0054] As can be seen from Table 2, the tire/wheel assembly 
of the present invention is capable of improving durability. 
[0055] As illustrated above, according to the present 
invention, the run -flat support member is arranged such that 
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the apical line or apical face of each convexly curved surface 
portion of the support surface thereof is offset in a direction 
of the wheel rotation center axis so as not to be located in 
a position corresponding to the circumferential groove when 
viewed from the radial direction of the wheel, or the run-flat 
insert member is arranged such that each edge of the support 
surface thereof is offset in a direction of the wheel rotation 
center eixis so as not to be located in a position corresponding 
to the circumferential groove when viewed from the radial 
direction of the wheel, thereby allowing durability of the 
tire/wheel assembly using a pneumatic tire having a tread 
surface with circumferential grooves extending in the 
circumferential direction of the tire to be improved. 
INDUSTRIAL APPLICABILITY 

[ 0056 1 The tire/wheel assembly of the present invention having 
the aforementioned excellent effect can be used very effectively 
as a tire/wheel assembly which is mounted to a vehicle and allows 
run-flat traveling. 
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